N2-fixing cultures separated on sucrose gradients. The two frankial GSs, GSI and GSIl, were present in vesicles at levels similar to those detected in vegetative hyphae from N2-flxing cultures as shown by enzyme assay and two-dimensional polyacrylamide gel electrophoresis. Glutamate (20, 25, 32) . Vesicles develop at the tips of nylylated (10) . Cultures grown with a poor nitrogen source short hyphal branches and have a thick, multilayered lipid like N2 or glutamate have a highly active, heat-labile GS envelope that is proposed to protect nitrogenase from inac-(GSII) and only low GSI activity (10, 35) . GSII is inhibited tivation by 02 (23, 28, 34, 36 ). For aerobically cultured by glutamine, other amino acids, and a low energy charge Frankia spp., the product of N2 fixation must be transferred (35); no evidence of regulation by adenylylation has been in some form to the growing vegetative hyphae. Nitrogen found (10) . Frankia GSII is similar to the GSII found in fixation can occur without vesicle formation in microaerobic members of the family Rhizobiaceae in its pattern of induc-.environments in culture (24) (5) . The 1.0-mi reaction mixtures (final pH, 7.6) contained uniform suspension of cells in sucrose. After the suspension 1.0 mM a-ketoglutarate, 0.1 mM NAD(P)H, 5 .0 MM Lwas overlaid with 5 ml of 10% (vol/vol) glycerol in buffer A, glutamine, 200 mM HEPES, and enzyme. The pH of 7.6 was the glycerol-sucrose gradients were centrifuged at 35,000 x determined to be optimal for Cpul GOGAT in extracts from g for 1 h at 40C.
NH4'-grown and N2-fixing cells by varying the pH of the During centrifugation, vesicles banded at the glycerol-assay buffer (200 mM HEPES; data not shown) and measursucrose interface. The preparation was essentially free of ing the pH after mixing the reaction components. The hyphal contamination, as assessed microscopically. Vesicles background oxidation of NAD(P)H was measured for 1 min, were removed from each tube with a Pasteur pipette and and then L-glutamine was added to initiate the specific transferred to a 17-ml ultracentrifuge tube. They were sus-reaction. GOGAT activity was calculated from the differpended in buffer A and washed once by ultracentrifugation at ence in the rates of the decrease of absorbance in the 40,000 x g for 15 min at 40C. Each vesicle pellet was presence and absence Of L-glutamine. suspended in 0.5 ml of buffer A, transferred to a microcenThe reductive amination reactions of ADH and GDH were trifuge tube, and repelleted by centrifugation at 10,000 x g measured by monitoring the oxidation of NAD(P)H at 340 for 10 min at 80C. This procedure typically yielded 0.5 ml of nm at 250C (22) and were initiated by the addition of sodium packed vesicles from 2 liters of culture used. Vesicles either pyruvate for ADH or sodium oa-ketoglutarate for GDH. The were used immediately or were stored frozen at -80'C.
1.5-ml reaction mixtures contained 0.1 mM NAD(P)H, 1.0 The pellets from the glycerol-sucrose gradients were com-mM sodium pyruvate or sodium a-ketoglutarate, 200 mMM posed of vegetative hyphae and some attached vesicles. We NH4Cl, 100 mM Tris hydrochloride (pH 8.6), and enzyme. enriched for vegetative hyphae by gently disrupting the The difference in the rates of the decrease of abs'orbance in pellets in buffer A with a Dounce-type tissue homogenizer, the presence and in the absence of pyruvate (for ADH) or diluting the suspension with additional buffer A, and centri-ot-ketoglutarate (for GDH) was used to determine enzyme fuging at 500 X g for 10 min. This initial centrifugation activity. The (10) and also of the spots on two-dimensional polyacrylamide gels correspond-heat-labile GOGAT (unpublished observation). GOGAT acing to GSI and GSII subunits were identified; the relative tivity was detected only with NADH; no NADPH-linked positions of each protein are illustrated in Fig. 1 . GSI GOGAT activity was found. The high level of GS activity subunits appear as two closely appressed spots; the isoelec-relative to GOGAT activity is explained by the nature of the tric point of the adenylylated subunits is slightly more acidic assay used for GS; -y-glutamyl transferase activity is an than that of the nonadenylylated form (10) . GSI is present on indirect assay for GS and is about 1,000-fold higher than the gels of all extracts derived from NH4'-grown and N2-biosynthetic activity as measured by phosphate release from fixing cultures (Fig. lA to D) . GSII is present as a heavily ATP. Thus, total GS and GOGAT activities increase to a stained spot on gels of extracts derived from N2-fixing similar extent during N limitation. cultures (Fig. lB to D) . Another spot, positioned at a slightly Hyphae from both NH4'-grown and N2-grown cultures higher molecular weight and closely appressed to GSII on contained GS and GOGAT activities. The GS specific activthese gels, either is an artifact caused by the abundance of ity of the NH4'-grown cells was comparable to that pre-GSII in the extracts or is another protein that is coinduced sented in Table 1 , while the GS specific activities of the upon nitrogen starvation. We favor the former possibility, N2-grown cell types were greater. The presence of dithiosince pure preparations of GSII often show two similar threitol in the extraction buffers in this experiment acspots, depending on the degree of loading, and because the counted for the increased activities as the result of stabilisecond spot disappears in parallel with GSII when cultures zation of the relatively labile GSII present in these extracts. are returned to NH4'-containing medium. The relative stain-
The GOGAT specific activities of N2-grown and hyphal ing intensities of the protein spots for each GS on the gels in pellet cell extracts were two-to threefold greater than that of the NH4'-grown cell extract. Despite GS activity compara- high GS activity in vesicles is comparable to that in hyphae
